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How Histone Modifications Change Nucleosome Stability -FRET Studies on Single Molecules and in Bulk
Using Förster resonance energy transfer (FRET) measurements in bulk and on single molecules, we assessed the structural role of histone acetylation and of some point mutations in nucleosomes reconstituted on the 170bp long Widom 601 DNA sequence. By measuring distances between fluorescently labeled parts of the nucleosome we could follow the salt-induced nucleosome disassembly, using donor-acceptor pairs on the ends or in the internal part of the nucleosomal DNA, and on histones. We have demonstrated earlier [3] , that in the absence of posttranslational modifications the nucleosome stability is only slightly influenced by the origin of the histones (Xenopus laevis, mice, yeast). On the other hand, the DNA sequence has an important effect on the stability: nucleosomes prepared with one of the best positioning natural sequences (Xenopus borealis 5S rDNA) disintegrate at much lower salt concentrations than those with the known best positioning sequence, the SELEX selected "601".
Histone hyperacetylation is often related to enhanced gene transcription and local decompaction of the chromatin. To analyze the structural effect of acetylation, we applied chemical acetylation of the different recombinant histones. This results in a statistical distribution of acetylated lysines. At the nucleosomal level we observed that the structural effect of acetylation of the different histones is not cumulative. Earlier bulk FRET measurements with end-labeled DNA have shown that at physiological salt concentrations acetylation of only the H3 histones alone opens the linker DNA while acetylation of only the H4 histones leads to compaction. [4] . Our present data allows us to distinguish two different effects of acetylation at two stages of salt-induced nucleosome destabilization: linker DNA unwrapping, and disintegration with dimer release. Nucleosome unwrapping was monitored by FRET between the linker ends of the DNA, while FRET experiments between labels positioned on the internal part of the nucleosome reported on nucleosome disassembly. We detect enhanced DNA unwrapping above physiological salt concentrations upon acetylation of either H4 or H3. On the other hand, complete disintegration with dimer release is enhanced only in the case of H3 acetylation; acetylation of H4 even counteracts this process. This result suggests that H3 and H4 acetylation have partially opposing effects in regulating nucleosome architecture and that distinct aspects of nucleosome dynamics might be independently controlled by selective histone acetylation.
Posttranslational modifications or single amino acid mutations in chromatin gain more and more attention. We are investigating the role of such modifications using the same methods, looking for the effects of these small structural variations on the stability of the nuclesosome. We report about the effect of the acetylation of lysine 16 in the tail of histone H4, and on the mutation of lysine 27 in the H3 tail. Regardless of the state of acetylation, origin of histones or DNA sequences nucleosomes disassemble via an intermediate state which is suppressed at higher nucleosome concentration, confirming our proposed model of step-wise disassembly.
